ABSTRACT: Genetic evaluation research designed to reduce the required days to a specified end point has received very little attention in pertinent scientific literature, given that its economic importance was first discussed in 1957. There are many production scenarios in today's beef industry, making a prediction for the required number of days to a single end point a suboptimal option. Random regression is an attractive alternative to calculate days to weight (DTW), days to ultrasound back fat (DTUBF), and days to ultrasound rib eye area (DTUREA) genetic predictions that could overcome weaknesses of a single end point prediction. The objective of this study was to develop random regression approaches for the prediction of the DTW, DTUREA, and DTUBF. Data were obtained from the Agriculture and Agri-Food Canada Research Centre, Lethbridge, AB, Canada. Data consisted of records on 1,324 feedlot cattle spanning 1999 to 2007. Individual animals averaged 5.77 observations with weights, ultrasound rib eye area (UREA), ultrasound back fat depth (UBF), and ages ranging from 293 to 863 kg, 73.39 to 129.54 cm 2 , 1.53 to 30.47 mm, and 276 to 519 d, respectively. Random regression models using Legendre polynomials were used to regress age of the individual on weight, UREA, and UBF. Fixed effects in the model included an overall fixed regression of age on end point (weight, UREA, and UBF) nested within breed to account for the mean relationship between age and weight as well as a contemporary group effect consisting of breed of the animal (Angus, Charolais, and Charolais sired), feedlot pen, and year of measure. Likelihood ratio tests were used to determine the appropriate random polynomial order. Use of the quadratic polynomial did not account for any additional genetic variation in days for DTW (P > 0.11), for DTUREA (P > 0.18), and for DTUBF (P > 0.20) when compared with the linear random polynomial. Heritability estimates from the linear random regression for DTW ranged from 0.54 to 0.74, corresponding to end points of 293 and 863 kg, respectively. Heritability for DTUREA ranged from 0.51 to 0.34 and for DTUBF ranged from 0.55 to 0.37. These estimates correspond to UREA end points of 35 and 125 cm 2 and UBF end points of 1.53 and 30 mm, respectively. This range of heritability shows DTW, DTUREA, and DTUBF to be highly heritable and indicates that selection pressure aimed at reducing the number of days to reach a finish weight end point can result in genetic change given sufficient data.
INTRODUCTION
Reducing the number of required days for livestock to reach a desired finish end point has received very little attention throughout literature. The term "finish end point" can refer to any point in the life cycle of livestock, such as weight, back fat, marbling, or rib eye area, in which the producer has determined an animal to be ready for harvest. Only a handful of studies pertaining to beef cattle have been published on this topic since 1957, with this research indicating a phenotypic correlation of -0.46 between the number of days to reach a perceived quality grade and net income per 45.4 kg of slaughter weight (Lindholm and Stonaker, 1957) . More recently, Kuehn (2000) determined it feasible to obtain accurate variance component estimates for a linear random regression (RR) of days to finish weight using simulated data, and Jubileu (2003) reported the differences between more traditional approaches and RR techniques using Simmental weight data. Both Kuehn (2000) and Jublieu (2003) explained the advantages of using RR methodologies in the calculation of days to finish EPD.
Random regression allows for the calculation of EPD for any stage of growth. This is attractive for days to finish because each individual producer's "finish" end point may be different. Random regression has been implemented in other livestock industries for the genetic evaluation of test day records in dairy cattle (Ptak and Schaeffer, 1993; Guo and Swalve, 1997; Brotherstone et al., 2000) and growth data in pigs (Andersen and Pedersen, 1996) , sheep (Lewis and Brotherstone, 2002) , and beef cattle (Meyer, 1999; Legarra et al., 2004) .
Given the nature of "days to finish" as an economically relevant trait as described by Golden et al. (2000) but having received little research focus, the objective of this study was to develop a RR model for the prediction of the required number of days to reach a finish end point using a field data set.
MATERIALS AND METHODS

Data
The data used in the current study were obtained from an existing database; therefore, the study was not subject to animal care and use committee approval; however, original data collection was conducted with the oversight of the Canadian Council on Animal Care (Olfert et al., 1993) .
Repeatedly observed age, weight observations, ultrasound rib eye area (UREA), and ultrasound back fat depth (UBF; n = 7,633) on 1,324 individual animals spanning the years 1999 to 2007 were obtained from the Agriculture and Agri-Food Canada Research Center, Lethbridge, AB, Canada. These 1,324 animals were the progeny of 106 sires and 439 dams from which 4 generations of ancestral pedigree information was obtained. Table 1 contains characteristics of the data set. Observation measurement frequency ranged from 14 to 28 d, depending on the year of the study. Three 1999-2000; B = 2000-2001; C = 2001-2002; D = 2002-2003; E = 2003-2004; F = 2004-2005; G = 2005-2006; H = 2006-2007. 2 Length of the feeding period within a given year.
3 Freq. = frequency of observation measurement in days. 4 Breed type of the animals within a given year. All = breed types combined; Charolais-X = Charolais sired.
5 Number of animals.
6 Average start age.
7 Average begin and end weight, ultrasound rib eye area (UREA), and ultrasound back fat depth (UBF).
breed types, consisting of pure Angus and Charolais as well as Charolais cross (Charolais sired), were represented in the data. The average start age, start weight, and end weight across all breed types were 338.4 d, 428.7 kg, and 594.6 kg, respectively. Average start and end UREA and UBF observations were 62.52 cm 2 , 85.37 cm 2 , 6.43 mm, and 11.21 mm, respectively. The data set was complete, and other than removing data points from sick animals and removing animals that lacked sufficient observations to fit the random polynomial (2 data points were required for the linear RR whereas 3 data points were required for the quadratic RR), no data sifting procedures were conducted. Contemporary groups were formed on the basis of year (each of 8 yr), feedlot pen (each of 4 feedlot pens), and breed (Angus, Charolais, and Charolais cross). Formation of the contemporary groups in this manner resulted in 62 unique contemporary groups. The mean, minimum, and maximum number of animals per group were 21.5, 3, and 42, respectively.
Evaluation Overview
The purpose of the study was to develop RR models to evaluate days to weight (DTW), days to ultrasound rib eye area (DTUREA), and days to ultrasound back fat (DTUBF) and to provide a foundation for delivering genetic predictions to breeders. Fixed effects included in each of the models were contemporary group and a fixed regression of age on weight, UREA, and UBF nested within breed classification. The regressions included in the fixed portion of the mixed model equations were used to account for the mean relationship between age and the trait of interest.
Model building exercises were performed for both the fixed and the random regressions for each of the 3 traits. The first step was begun with a linear polynomial included in both fixed and random blocks of the mixed model equations. While holding the order of the RR constant, the order of the fixed regression polynomial was incrementally increased and tested to determine if the higher-order terms accounted for a significant amount of variation. As recommended by Gilmour (2009) , partial F-tests of significance were used to conduct these regression relationship tests. After the fixed regression significance tests were complete, the interaction between breed classification and breed was investigated. Once the proper fixed regression polynomial (within a given RR order) was determined, incrementally higher-order RR were fit (holding the order of the fixed regression constant) until additional higher-order polynomials no longer statistically accounted for additional genetic variation in the trait. Likelihood ratio tests (LRT) as described by Beckman et al. (2007) and Brommer et al. (2008) were used to conduct these tests of significance for each random polynomial term.
Likelihood ratio tests are valid only if the parameters of the full model completely encompass the parameters of the reduced model with no differences in either the data or the fixed effects. Therefore, comparisons pertaining to the order of random polynomials were only made within equivalent fixed effect models (within the same order of the fixed regression polynomials). For example, if the quadratic term of the RR polynomial was tested for significance, this was done within each significant fixed regression polynomial order.
In an effort to compare the parameters obtained from the RR model to results obtained from more traditional approaches (i.e., such as used in current national cattle evaluations), a repeated measures (REPEAT) model was used to estimate heritability and genetic parameters for the same data. Equivalent fixed effects were included in both the REPEAT and the RR models.
Models
Models were constructed for each of the 3 traits using RR techniques using Legendre polynomials as the base function. The general form of the RR is defined in matrix notation as follows:
in which y represents a vector of age observations recorded on individual animals; X is an incidence matrix relating age observations in y to contemporary group and fixed regression coefficients their solutions in b; Q is an incidence matrix consisting of weight, UBF, or UREA covariates relating the age observations in y to the random additive genetic regression coefficients in u; Z is a matrix of weight, UREA, or UBF covariates relating the age observations in y to the permanent environmental linear RR coefficients for each animal in permanent environment (pe); and e is a vector of random residuals that includes the temporary environmental effects for each observation. As the order of the RR increases, the columns of the incidence matrix Q increase correspondingly. Variances for the additive genetic, permanent environmental effects, and random residuals were defined as
, in which A is the additive genetic numerator relationship matrix; G is the covariance matrix of the random additive genetic regression coefficients whose order is equal to the order of the polynomial in the RR; I p and I n are identity matrices whose order is equal to the number of animals with repeated observations and total number of observations in y, respectively; P is the covariance matrix of the random permanent environmental linear regression coefficients; and σ e 2 is the variance of random residuals.
A second, more traditional, REPEAT model was used to make comparisons with the RR for the purposes of model validation. The REPEAT model is written in matrix notation as
in which X, Z, and W are incidence matrices relating the repeated age observations in y to fixed contemporary group effects and regression coefficients (b), random additive genetic effects (u), and random permanent environmental and nonadditive genetic effects (p), with e defining a vector of random residual errors.
Variances for the REPEAT model were represented by 
in which σ u 2 , σ p 2 , and σ e 2 are the variances of random additive animal genetic effects, random permanent environmental effects, and random residual error, respectively; A is the additive genetic numerator relationship matrix; and I p and I n are identity matrices whose order is equal to the number if animals with repeated observations in the data and number of observations in y, respectively. This model was appropriate given the age range during which weights were taken and relatively stable variances from beginning to end of the test.
For the purpose of the estimation of genetic parameters, 2 separate 4-generation pedigree files were built. The first pedigree file, used in the linear RR model, was built from the final sifted data set that required 2 or more observations on individual animals. The second pedigree, used in the quadratic RR model, was built from the final data file that required 3 or more observations per individual animal. Both models, the RR and the REPEAT, described above were implemented using various tools for constructing ancestral pedigrees contained in the Animal Breeder's Toolkit (Golden et al., 1992) and the statistical software package ASReml .
RESULTS AND DISCUSSION
Summary statistics pertaining to the number of observations per animal as well as age, weight, UREA, and UBF summary statistics are presented in Table 2 . Restricting the original data set to only animals with 2 or more observations for the linear RR resulted in the loss of only 1 animal's observations. Extending this requirement to 3 or more observations per individual animal for the quadratic RR resulted in the loss of 6 additional animals. The pedigree constructed from the final data set used in the linear RR model consisted of 5,414 individual animals with 1,386 unique sires and 2,705 unique dams. The pedigree built from the final data set used in the quadratic RR model consisted of 5,408 individual animals representing the same number of unique sires and dams as for the linear RR. The difference in animal number from the 2 pedigree files stems from the difference in number of animals included in the final data sets. The average inbreeding levels for both the linear and the quadratic RR pedigrees were both 0.015.
Random Regression Model Development
A linear fixed regression polynomial was sufficient for describing the overall variability in DTW. Increasing the order of the fixed regression polynomial above a linear polynomial did not account for additional variation in days, as the quadratic fixed regres- sion term was nonsignificant for both the linear RR (P > 0.947) and the quadratic RR (P > 0.956).
For the DTUREA evaluation, a sixth-order fixed regression polynomial was needed to fully describe the phenotypic association between age and UREA in the linear RR model. In the quadratic RR model, a less complex regression order was needed, as a fourth-order polynomial was sufficient. Additional higher-order terms did not account for additional variation in days for both the linear (P > 0.19) and the quadratic (P > 0.25) RR models. In the DTUBF evaluation, a fifthorder fixed polynomial was sufficient in describing the phenotypic regression relationship between days and UBF for both the linear and the quadratic RR models. Higher-order polynomial coefficients (e.g., sixth order) were found not significant for both the linear (P > 0.68) and the quadratic (P > 0.57) RR models.
Once the fixed regression polynomial order was determined for each of the 3 traits, the interaction between these regressions and breed was investigated. For each of the 3 analyses, DTW, DTUREA, and DTUBF, the influence of breed on the number of days to reach trait-specific end points was statistically significant (P < 0.01). Animals in the current data set consisted of Angus, Charolais, and Charolais cross (Charolais sired individuals with unknown dam breed percentages) individuals. Given the differences in biological type between these breeds (particularly between Angus and Charolais), the impact of these breed types on the alternate days to end points were expected to be different and the significance of these interactions indicate this impact. In general, Charolais and Charolais cross individuals required fewer days to reach a given weight end point than did the Angus animals. Contrary to weight, Angus animals required fewer days to reach a given UBF end point than did the Charolais and Charolais cross individuals. Lastly, Charolais and Charolais cross individuals had a slight advantage in reaching specific UREA end points in fewer days than did their Angus counterparts.
Next, LRT (Beckman et al., 2007; Brommer et al., 2008) were conducted to determine the statistically significant RR order for DTW, DTUREA, and DTUBF. Requirements of the LRT are that the 2 models being compared have equivalent data and fixed effect specifications. Degrees of freedom for a LRT are equal to the difference in order of parameters between the 2 models being tested (Huelsenbeck and Crandall, 1997) . With the LRT comparing the linear and quadratic RR, using the data set with 3 or more observations per animal, the difference in parameters was 3 between the 2 models; therefore, degrees of freedom were equal to 3. Given the differences in significance of the fixed regression polynomial order for each of the 3 traits, these LRT comparisons were made for DTW using the linear fixed regression polynomial and for DTUREA using the sixth-order fixed regression polynomial, whereas the fifth-order polynomial was used for DTUBF. The sixthorder polynomial that was needed to describe the variation in the linear DTUREA RR model was also used in the quadratic RR solely to make LRT comparisons between the linear and quadratic RR.
The REML log-likelihood estimates for both the linear and the quadratic DTW RR were -1,504.72 and -1,501.67, respectively, resulting in a LRT statistic of 6.1 (P > 0.11). Log-likelihood estimates from the DTUREA linear and quadratic RR were -7,114.02 and -7,111.55, respectively, corresponding to a LRT statistic of 4.94 (P > 0.18). The REML log-likelihood estimates obtained from the linear and quadratic RR for DTUBF were found to be -7,810.77 and -7,808.47, respectively. These log-likelihood values correspond to a LRT statistic of 4.6 (P > 0.20). Results from the LRT suggest the quadratic random polynomial did not account for additional genetic variation in DTW, DTUREA, or DTUBF. Given that the quadratic random polynomial did not significantly account for any additional genetic variation in each of the 3 traits, subsequent results and discussion are from analysis using the data set with 2 or more observations per individual animal. Also of note, before any formal testing for both the fixed and the random additive genetic effects, initial analyses were conducted that considered higher-order polynomials for the random permanent environmental effects. These were found to be highly insignificant for each of the 3 traits, and this insignificance was indifferent of the various fixed and random additive genetic effect specifications attempted. As such, no additional consideration was given to the regression order for permanent environment.
Variance Components
Estimates of genetic covariance for the intercept and linear terms for each of the RR models are shown in Table 3. Table 3 also contains the estimated permanent environmental parameters from the linear RR model as well as the estimated residual variance. For the trait DTW, correlations between the intercept and linear terms for both the genetic (0.78 ± 0.05) and the permanent environmental (0.62 ± 0.16) variance estimates were quite high. The estimate of residual variance was fairly low (43.67 ± 0.88 d 2) . The magnitude of these values is not surprising given the highly linear nature of the weight gain represented in this data set as a result of the age ranges present. The linear polynomials used in describing the overall mean relationship between age as well as the random genetic and permanent environmental variation are more than sufficient for describing these data. Correlations between the intercept and linear terms for permanent en-vironment were quite high for both DTUREA (-0.95 ± 0.16) and DTUBF (-0.96 ± 0.14). Considering their respective SE, both estimates are very near the parameter boundary. For both traits, DTUREA and DTUBF, the genetic and permanent environment correlation estimates were negative, suggesting that as phenotypic UREA or phenotypic UBF increases, the amount of variation observed in days tended to decrease.
Variance estimates presented in Table 3 are the result of the regression of age on weight, UREA, and UBF using Legendre polynomials as the base function. These were then transformed back to the observed scale to obtain genetic, permanent environmental, and phenotypic variances as well as heritability for all end points spanning the entire range of observations (Table 2) . Genetic, permanent environment, and phenotypic variance as well as heritability were estimated for each in 40 kg weight, 5 cm 2 UREA, and 2 mm UBF increments.
The observed DTW parameters, plotted versus weight, are shown in Fig. 1 . Near the low end of the weight range (293 kg), genetic, permanent environment, and phenotypic variance estimates are fairly similar, meaning that there is little difference between the estimated parameters. This is particularly true for estimated genetic and permanent environment variance. As weight begins to increase, particularly above 550 kg, the observed variance estimates begin to increase dramatically.
The inflation observed in the variance estimates corresponding to increasing weight may be directly related to the decreasing data density at the higher weight levels as shown in Fig. 2 . From the distribution of weight observations, the area with the greatest density of observations occurs from approximately 340 to 660 kg (Fig. 2) . Outside this range, particularly on the upper end of the weight distribution, observations become increasingly sparse. It has been reported that parameter estimation Table 3 . Days to weight, days to ultrasound rib eye area, and days to ultrasound back fat variance estimates (SE) obtained from the linear Legendre polynomial random regression of age on weight, ultrasound rib eye area, and ultrasound back fat using RR models tend to result in inaccurate estimates near the limits of the data, as polynomials have a tendency to place a large emphasis on observations near the data extremes (Meyer, 1999 (Meyer, , 2005 . The increase in estimated genetic and phenotypic variance in this study is likely the result of the data density. However, the ratio of genetic variance to phenotypic variance and the observed estimates of heritability do not seem to be largely influenced, as heritability remains fairly constant across the entire range of observations. Figure 3 contains the observed parameter estimates for DTUREA plotted versus UREA end point. Heritability estimates ranged from 0.51 to 0.35, which corresponded to end points that represented the tails of the UREA distribution. In the upper tail of the distribution, around 105 cm 2 DTUREA, heritability remains fairly constant around 0.34. Similar trends were observed for genetic and phenotypic variance. Without any prior RR research for this trait, it is unknown whether this shape of the plot of parameter estimates versus end point is truly representative of the data or is it an artifact of the RR.
Data used in this study does become sparse at the extremes, as can be observed by inspecting the histogram of UREA observations shown in Fig. 4 . The histogram of UREA shows a fairly normal distribution of observations with the area of greatest data density in terms of sheer observation numbers occurring from approximately 40 to 100 cm 2 . Outside this range, the data becomes increasingly sparse, a point that is particularly evident in the upper end of the UREA observations. The maximum UREA observation was 129.54 cm 2 (Table 2) , with very few observations in the span from 100 cm 2 end point to this maximum UREA. This lack of data density in the extremes and the behavior of these Legendre polynomials in the presence of this lack of data density may very well cause these parameter estimates observed for DTUREA.
Observed heritability and genetic and phenotypic variance estimates for DTUBF are plotted versus their corresponding UBF end point in Fig. 5 . Heritability for DTUBF ranges from 0.55 to 0.37, values that correspond to UBF end points of 1.53 and 30 mm, respec- tively. As the UBF end point increases, the observed DTUBF parameter estimates for these end points decrease. Contrary to DTW and DTUREA, the trait DTUBF has received some attention in the literature. McWhir and Wilton (1987) reported a heritability estimate of 0.65 for the number of days to reach 7 mm of subcutaneous back fat depth from a data set containing various breeds of cattle. Following the McWhir and Wilton study, Johnston et al. (1992) estimated the heritability for the number of days to 8.9 mm back fat in Charolais cattle to be 0.24. The heritability estimate obtained from this study for days to 7 mm UBF was 0.52, which is near the 0.65 of McWhir and Wilton.
In this study, the variation in the number of days it takes to reach these higher UBF end points is decreasing and may be due to the behavior of the Legendre polynomials. A histogram of UBF observations is shown in Fig. 6 . This figure shows a severe lack of data density for UBF observations greater than 20 mm. However, this decreasing variability may also be due to the physiology of subcutaneous fat deposition, which occurs last when compared with the other tissues influencing carcass composition (Berg and Butterfield, 1976) . In this data set, animals with UBF observations greater than 20 mm were all of similar age, reducing the amount of variability in the phenotypic observations. This lack of phenotypic variability for UBF observations above 20 mm may very well be causing difficulty in the estimation of the true genetic and phenotypic variance for these increased fat depth end points.
Random regression models allow the proper modeling of the changes in covariance structure between successive observations (Kirkpatrick et al., 1990 (Kirkpatrick et al., , 1994 . Contour plots depicting the genetic correlations between successive end points for each trait are shown in Fig. 7, 8, and 9. Figure 7 contains the contour plot for the alternate DTW end points. The magnitude of the observed genetic correlations between many of the weight end points was very high. For end points of 450 kg and heavier, the genetic correlations are all above 0.80, indicating that a very large portion of the genes responsible for an animal's genetic merit for days to 450 kg are the same for heavier end points, which is not surprising given the part/whole relationship of successive weight observations. Over time, as a result of these high genetic correlations, as the desired finish weight end point changes, little reranking among sires is expected.
Genetic correlation estimates between DTUREA (Fig. 8) and DTUBF (Fig. 9 ) end points ranged from 0.55 to 0.99 and from 0.70 to 0.99, respectively. The magnitude of these correlations was dependent on the amount of elapsed time between successive observations. Estimates of genetic correlation for DTUREA ranged from moderate to high, whereas the estimates for DTUBF were extremely high. A possible explanation for correlations of this magnitude might be explained by the obvious part/ whole relationship between successive UBF and UREA observations. As an animal grows, both UBF and UREA should increase as time passes. Each successive measurement is highly dependent on the value of the prior observation. Given these observations are recorded over a 95 to 142 d range (Table 1) , a narrow time frame in the life cycle of these animals, perhaps these genetic correlations between end points are truly this high. Also, given that fat deposition occurs lastly (Berg and Butterfield, 1976) , fat is deposited over an even smaller time frame when compared with its UREA counterpart.
Given the absence of published heritability estimates for these "days to" traits in beef cattle for comparison, subsequent evaluations were performed using the REPEAT model as a means to assess the validity of estimates obtained from the RR model. The REPEAT model contained the same fixed effects as the above RR models. Regressions contained in the fixed portion of the mixed model equations adjust the observation to the mean of the predictor variable. In this data set, the mean observations were 513 kg, 73.4 cm 2 , and 8.7 mm, corresponding to weight, UREA, and UBF, respectively. These mean observations are the weight, UREA and UBF end points to which comparisons with the RR models were made.
Parameter estimates for the number of days to reach 513 kg obtained from the REPEAT model were 0.58 ± 0.08, 348 ± 58.6 d 2 , and 603.4 ± 25.2 d 2 for heritability and genetic and phenotypic variance, respectively. These same estimates for the number of days to reach 513 kg from the RR model were 0.64 ± 0.08, 404 ± 64.8 d 2 , and 628 ± 28.3 d 2 for heritability and genetic and phenotypic variance, respectively. Heritability estimates from the 2 models were very similar (0.58 ± 0.08 versus 0.64 ± 0.08 for REPEAT and RR, respectively), suggesting the RR model was estimating a similar heritability. Genetic and phenotypic variances obtained from the REPEAT model were, in general, lower than those obtained from the RR. These differences are perhaps due to the RR's more appropriate modeling of the covariance structure between observations, although the difference between the 2 values was within the range of SE of one another. The similarity of the genetic variance and heritability estimates from the 2 models is evidence that the RR model is estimating the same trait as the REPEAT model for the 513 kg weight end point.
Days to 73.4 cm 2 UREA parameter estimates obtained from the REPEAT model were 313 ± 53.0 d 2 and 0.37 ± 0.06 for genetic variance and heritability, respectively. These same estimates obtained from the RR model were 351 ± 57.5 d 2 and 0.42 ± 0.06 for genetic variance and heritability, respectively. Estimates of genetic variance and heritability across the 2 models were very similar, particularly considering the estimated SE.
Days to 8.7 mm UBF parameter estimates obtained from the REPEAT model were 511.5 ± 96.1 d 2 and 0.40 ± 0.07 for genetic variance and heritability, respectively. These same estimates obtained from the RR model were 650.8 ± 50.3 d 2 and 0.51 ± 0.07. For DTUBF, genetic variance estimated from the RR model was higher than the estimate obtained from the REPEAT model. Similar to the trait DTW, this increase may be due to the properties of the RR model that account for changing correlation structure between observations. However, DTUBF possessed the highest genetic correlations between successive UBF end points (Fig. 6) , indicating the assumptions of the REPEAT model are perhaps more appropriate for DTUBF than the other traits in this study. Even so, considering SE, heritability estimates from the 2 models are similar, and, as previously mentioned, the heritability estimate for DTUBF obtained from the RR model is similar to previous studies.
Problems with the direct estimation of parameters for RR models using Legendre polynomials have been reported. Many of these problems have been associated with data density (Misztal et al., 2000; Nobre et al., 2003) , and others reported associated problems with the order of the random polynomial in conjunction with the data density (Meyer, 2005) . Alternatives to the direct estimation RR parameters from Legendre polynomials have been suggested. First, RR parameters have been derived directly from multiple trait model parameters (Legarra et al., 2004) . Second, functions other than polynomials that are not as susceptible to these data density issues such as smoothing splines have been used (Bohmanova et al., 2005) .
In the current study, these alternative functions were considered but not used for several reasons. First, no multiple trait model parameters exist from which the RR parameters could be derived. Additionally, given the frequency of the observations (Table 1 ) and the short amount of time that elapsed between successive measurements, estimation of these parameters was not feasible. The short time frame between measurements and the large number of traits would have resulted in convergence difficulties associated with keeping the estimated genetic covariance matrix within the parameter space. Estimation using splines would have been problematic because splines use the same multiple trait model parameters (Robbins et al., 2005) . Also, proper knot placement becomes an issue with spline functions. An excessive number of knots result in increased model complexity, whereas the use of too few reduces accuracy (Misztal, 2006) .
Methods presented here allow for the prediction of genetic merit associated with the required number of days to reach a weight, UREA, or UBF end point using linear RR. Given the data requirements for the linear regression, the results presented here indicate at least 2 data points per individual animal are needed to fully predict the RR line. For the trait DTW, this amount of data would likely not require changing current data recording schemes. Seed stock producers commonly record multiple weight observations on growing animals with data recorded from both the bull test and the feed intake data collection centering multiple times on individual animals throughout the testing period. For the ultrasound traits, DTUREA and DTW, current genetic evaluation methodology already uses ultrasound data to add information to carcass genetic evaluations through the use of multiple trait models. The data requirement indicated on here would require an additional ultrasound observation that would add cost associated with phenotype col- lection for these animals. However, when combined with weight recording of current bull and feed intake tests, this cost could be minimized. There are likely opportunities to also collect additional data from feedlot animals, especially from breed association and other designed progeny tests. Typically these record both on-test and reimplant weights as well as carcass weights. Additional ultrasound data in this sector of production might prove more difficult except for feedlots routinely collecting such information.
Implementation of these traits into a breed-wide genetic evaluation will also require some modification to the genetic evaluation delivery system. Unlike traditional genetic predictions that provide an estimate of an individual animal's genetic merit for a specific point (i.e., weight, carcass, calving, etc.), RR models yield genetic predictions for a regression equation. Therefore, to ease their usage, producers need a predefined end point or decision support system in place that combines the regression equation predictions into an EBV representing a single finish end point as chosen by the producer (or agreed on by the breed association).
Implications
Implementation of genetic evaluations for the suite of "days to finish" traits is attractive from a selection perspective for weight, rib eye area, and fat thickness. Given the ever-rising costs of finishing individual animals to optimum end points, the availability of tools that allow producers to select sires whose progeny reach this optimum end point in less time is reasonable. Random regression models are ideal for this evaluation because they allow producers to individualize each prediction to match production scenarios. Days to weight, DTUREA, and DTUBF have been shown to be highly heritable in this data set, with the magnitude of these heritabilities on par with some of the most heritable beef cattle traits that have been previously evaluated, suggesting rapid genetic progress in reducing the number of days to reach a given weight end point.
